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(54) Multi-layered patch antenna 

(57) An antenna structure (20) is formed of a first 
patch plane (38), a first ground plane (24), a feed mem- 
ber plane (34), a second ground plane (30), and a sec- 
ond patch plane (42) all spaced apart by layers of 
laminated dielectric substrate. A horn (44) transmits 
energy upon the second patch plane (42). The energy is 
controlled in terms of phase and frequency, and is fur- 
ther electromagnetically coupled to the first patch plane 
(38) which transmits in the form of shaped or pencil 
beams. The coupling between patch planes (38, 42) is 
accomplished by an array of slots (50, 54) located 
through the ground planes (24, 30) and an array of feed 
members interposed between the ground planes (24, 
30). The phase differences are established by utilization 
of feed members (52) with different lengths. 
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Description 
Technical Field 

[0001] This invention relates to microstrip patch 
antennas and to arrays of such antennas and, more 
particularly, to a horn fed array for the generation of 
shaped or pencil beams. 

Background Art 

[0002] In satellite applications, lens antennas are 
utilized to form shaped or pencil beams. Typically, an 
array of unit cells are formed on a single lens compris- 
ing a dielectric substrate with one or more conducting 
layers. The unit cells have stripline feed members which 
channel electromagnetic waves. The stripline feed 
members vary in length in order to provide appropriate 
phase differences required to generate the shaped/pen- 
cil beam. The electromagnetic radiation to be received 
or transmitted is typically provided directly to the feed 
member in the form of electrical power. The phase ver- 
sus frequency characteristic of each unit cell is prefera- 
bly linear in order to maintain the desired beam shape 
over a range of frequencies. 

[0003] A problem arises, however, in feeding the 
stripline feed members with electromagnetic radiation. 
Known devices use direct electrical connections 
between a radiating source and the feed members to 
permit transmission. As an example, a typical bootlace 
lens requires direct electrical connections between a 
feeding patch layer, the feed members, and a transmit- 
ting patch layer. Such connections, or probes, are diffi- 
cult and expensive to manufacture. Furthermore, these 
probes produce temperature stability concerns. Accord- 
ingly, there exists a need for a simplified lens structure 
capable of transmitting and receiving shaped or pencil 
beams, which has simplified construction. 

Summary Of The Invention 

[0004] The present invention discloses a novel 
horn-fed, multi-layered, patch antenna which is capable 
of transmitting and receiving shaped or pencil beams 
without the need for direct electrical connections. The 
inventive antenna includes an array of unit cells. Each 
unit cell includes a transmitting patch, located on a first 
patch plane, and a feeding patch located on a second 
patch plane. Interposed between these patches are two 
ground planes each containing corresponding slots. 
The ground planes are separated by feed members 
which further correspond with the slots of both ground 
planes. These components are all configured within a 
dielectric substrate. 

[0005] In operation, the horn emits electromagnetic 
waves which strike the second patch plane. The energy 
is coupled between the second and first patch planes 
via the slots and feed members. The feed members 



vary in length, or size, in order to provide appropriate 
phase differences required to generate the desired 
shaped or pencil beams. Since the feed members prop- 
agate in the transverse electromagnetic (TEM) mode, 
5 the phase versus frequency characteristic of each unit 
cell (patch -slot-feed- member-slot-patch) is linear. This 
has the advantage of maintaining the beam shape over 
a range of frequencies. 

[0006] The ability of the present invention to couple 

10 energy from the second patch plane to the first, via slots 
and feed members, eliminates the drawbacks of the 
previous art. Specifically, direct connections are no 
longer necessary to couple the feed patches to the 
transmitting patches or the feed members. The present 

15 invention thus has the further advantage of eliminating 
the need for layer piercing probes thereby simplifying 
the antenna manufacture. In addition, the elimination of 
the probe connection enhances temperature stability. 
[0007] Other advantages of the inventive antenna 

20 over prior art is its flat structure, and light weight, mak- 
ing it ideal for packaging within a satellite application. 
The linear phase versus frequency characteristics make 
wide band applications possible and the antenna's 
center-fed structure helps to eliminate dispersion prob- 

25 lems. 

[0008] Additional advantages and features of the 
present invention will be apparent from the following 
detailed description when taken in view of the attached 
drawings and the claims appended hereto. 

30 

Brief Description of the Drawings 

[0009] For a more complete understanding of the 
invention, reference should now be had to the embodi- 
35 ments illustrated in greater detail in the accompanying 
description and drawings, in which: 

FIGURE 1 is a lens antenna structure within a sat- 
ellite environment; 

40 FIGURE 2 is an exploded perspective view of a par- 
tial lens antenna structure in accordance with an 
embodiment of the present invention; 
FIGURE 3 is a top view of a lens antenna structure 
in accordance with an embodiment of the present 

45 invention; 

FIGURE 4 is an embodiment of a unit cell; 
FIGURE 5 is a partial cross sectional view of the 
unit cell of FIGURE 4 taken along line 4-4; 
FIGURE 6 is a graph of return loss versus fre- 

50 quency of three different unit cells in accordance 
with an embodiment of the present invention; 
FIGURE 7 is a graph of phase versus frequency of 
three unit cells in accordance with an embodiment 
of the present invention; 

55 FIGURE 8 is a graph of feed member length versus 
phase of three unit cells in accordance with an 
embodiment of the present invention; and 
FIGURE 9 is another embodiment of a unit cell. 
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Best Mode(s) For Carrying Out The Invention 

[0010] The present invention will be described in 
terms of its operation in a transmit mode. Due to the 
principle of reciprocity, the invention works the same in s 
a reverse order for the receive mode. Referring to Fig- 
ure 1 , a lens antenna structure 20 is preferred for use in 
a satellite 10 application as a result of its low profile and 
ease in which it can be configured to specialized 
geometries. Structure 20 is a horn-fed, multi-layered, 
printed circuit lens antenna particularly suited for 
shaped or pencil beams in the Ku and Ka bands. 
[0011] Referring to Figure 2, one embodiment of 
the lens antenna structure 20 is composed of a series of 
stacked layers. A first dielectric layer 22 is positioned 
adjacent to a first ground plane 24 which in turn is posi- 
tioned adjacent to a second dielectric layer 26. The sec- 
ond dielectric layer 26 is positioned adjacent to a third 
dielectric layer 28 which in turn is adjacent to a second 
ground plane 30. The second ground plane 30 is posi- 
tioned adjacent to a fourth dielectric layer 32. 
[0012] Interposed between the second dielectric 
layer 26 and the third dielectric layer 28 is a feed mem- 
ber plane 34. In addition, positioned on a top surface 36 
of the first dielectric layer 22 is a first catch plane 38, 
and positioned on a bottom surface 40 of the fourth die- 
lectric layer 32 is a second patch plane 42. In addition, 
slots 50, 54 are arranged in the first and second ground 
planes 24, 30 respectively. Feed members 52 corre- 
sponding to slots 50, 54 are arranged in the third dielec- 
tric layer 28. 

[0013] In operation, the feed members 52 capaci- 
tively and electromagnetically couple the first and sec- 
ond patch planes 38, 42. A horn 44, remotely positioned 
below the second patch plane 42, emits electromag- 
netic energy in the direction of the antenna structure. 
This signal is received by the second patch plane 42, 
converted to TEM waves by the slots 50, 54 and feed 
members 52 in the intermediate ground planes 24, 30 
and dielectric plane 28, and subsequently transmitted 
by the first patch plane 38. 

[0014] Figure 3 is a top view of a lens antenna 
structure 20 in accordance with one embodiment of the 
present invention. As shown in Figure 3, the lens 
antenna structure 20 comprises a plurality of unit cells 
46. A unit cell 46 is shown in further detail in Figure 4. 
[0015] As shown in Figure 4, each unit cell 46 con- 
tains a portion of the layers and planes mentioned 
above. Each unit cell 46 comprises a first patch 48 from 
the first patch plane 38, a top slot 50 from the first 
ground plane 24, a feed member 52 from the feed mem- 
ber plane 34, a bottom slot 54 from the second ground 
plane 30, and a second patch 56 from the second patch 
plane 42. Each of the elements comprising the unit cell 
46 are separated by a dielectric substrate. 
[0016] As shown in Figure 5, patch 48 is separated 
from slot 50 by the first dielectric layer 22; slot 50 is sep- 
arated from feed member 52 by the second dielectric 



layer 26; feed member 52 is separated from slot 54 by 
the third dielectric layer 28; and slot 54 is separated 
from the second patch 56 by the fourth dielectric layer 
32. 

[001 7] Referring again to Figure 4, the first patch 48 
is substantially centered over the top slot 50, and the 
second patch 56 is centered beneath the bottom slot 54. 
The first patch 48 is off-centered from the second patch 
56. The feed member 52 has a first end 58 positioned 
substantially perpendicular to the top slot 50, and a sec- 
ond end 60 positioned substantially perpendicular to the 
bottom slot 54. The feed meter ends 58 and 60 extend 
to, and slightly beyond, the slots 50 and 54, respectively. 
[0018] In operation, the second patch 56 receives 
electromagnetic energy from the horn 44. Patch 56 radi- 
ates a frequency band centered at the second patch 56 
resonance frequency. This radiation induces an electric 
field in the bottom slot 54 which extends transversely to 
the long dimension of the slot 54. This electric field cre- 
ates a TEM wave which travels along feed member 52. 
This wave induces a second electric field in the cop slot 
50 which, in turn, excites first patch 48 at its resonating 
frequency. First patch 48 then transmits a frequency 
band centered about its resonating frequency. 
[0019] The feed member 52 can be configured in 
different shapes. For example, the feed member 52 may 
be straight, so that the associated top slot 50 is parallel 
with the associated bottom slot 54, or the feed member 
52 may be bent as shown in Figure 9. The preferred 
shape of the feed member 52 is a shape which positions 
the first end 58 orthogonal to the second end 60. Such 
a feed member shape permits variations of feed mem- 
ber lengths from one unit cell 46 to the next within the 
same array in a spacially efficient fashion. In addition, 
the orthogonal positioning of the first end 58 to the sec- 
ond end 60 simplifies manufacturing and reduces asso- 
ciated costs since the same patch plane pattern may be 
utilized for both the first patch plane 38 and the second 
patch plane 42. Likewise, the same ground plane pat- 
tern may be utilized for the first and second ground 
planes 24, 30. 

[0020] Referring to Figure 6, T represents the dis- 
tance from "s" to "s"' along the feed member 52. The 
slot and patch dimensions are designed to provide good 
return loss. For example, with first and second patch 
dimensions of 0.5 cm x 0.5 cm, unit cell size of 0.88 cm 
x 0.88 cm, top and bottom slot size of 0.4 cm x 0.05 cm, 
first and fourth dielectric layer thicknesses of 0.1 cm 
with dielectric constant of 1 .1 , and second and third die- 
lectric layer thicknesses of 0.038 cm with a dielectric 
constant of 2.53, the -15dB return loss bandwidth is 
approximately 10%. This is true whether I = 0.6 cm as 
shown in line 100, or I = 1 .0 cm as shown in line 102, or 
I = 1 .4 cm as shown in line 104. 
[0021] As shown in Figure 7, the feed member 52 
propagates in the TEM mode, therefore the phase ver- 
sus frequency characteristic of the unit cell 46 is linear 
(lines 106, 107, 108). Thus, the beam shape can be 
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maintained over a range of frequencies. 
[0022] The transmitted bandwidth can be increased 
by using thicker substrate for the first and fourth dielec- 
tric layers 22, 32 and/or using stacked first patches 48. 
Preferably the stacked patches are approximately equal 
in size so as to resonate at approximately the same fre- 
quencies, but differ enough so as to broaden the band- 
width. The dielectric substrate utilized between stacked 
patches will also cause broadening of the transmitted 
frequency bandwidth. The dielectric constant is higher 
for the second and third dielectric layers 26, 28 than for 
the first and fourth dielectric layers 22, 32 in order to 
provide a sufficient electromagnetic coupling between 
the first patch 48 and the second patch 56. Also, for a 
given off-set between the patch 48 and patch 56, a high 
dielectric substrate in the feed region provides a large 
dynamic range for the phase. 

[0023] In order to generate shaped or pencil 
beams, the lens antenna structure 20 must operate at 
appropriate phase differences. Phase differences are 
provided by varying the length of the feed member 52 
from one unit cell 46 to the next. Figure 8 illustrates the 
phase shift versus feed member 52 length for a repre- 
sentative frequency (line 1 1 0). 
[0024] Figure 9 shows another embodiment of a 
unit cell. A dual polarization application can be config- 
ured when utilizing a dual unit cell 62. Dual unit cell 62 
is similar to unit cell 46 with an additional feed member 
52 coupled with additional top and bottom slots 50, 54. 
The additional slots are spaced apart from, and posi- 
tioned perpendicular to, the original slots. This position- 
ing provides the preferred orthogonal coupling of 
electromagnetic radiation for dual polarization applica- 
tions. The two polarizations are further isolated by a plu- 
rality of holes 64 plated with conductive metallic 
material connecting the respective ground planes in 
which slots 50 and 54 reside. To ensure proper isola- 
tion, the separation between the plurality of holes 64 is 
preferably less than 0.2 times the wavelength of the res- 
onating frequency of the first and second patches 48 
and 56. 

[0025] To sum up, the present invention relates to 
an antenna structure being formed of a first patch plane, 
a first ground plane, a feed member plane, a second 
ground plane, and a second patch plane all spaced 
apart by layers of laminated dielectric substrate. A horn 
transmits energy upon the second patch plane. The 
energy is controlled in terms of phase and frequency, 
and is further electromagnetically coupled to the first 
patch plane which transmits in the form of shaped or 
pencil beams. The coupling between patch planes is 
accomplished by an array of slots located through the 
ground planes and an array of feed members inter- 
posed between the ground planes. The phase differ- 
ences are established by utilization of feed members 
with different lengths. 

[0026] It should be understood that the inventions 
herein disclosed are preferred embodiments, however, 



many others are possible. It is not intended herein to 
mention all of the possible equivalent forms or ramifica- 
tions of the invention. It is understood that the terms 
used herein are merely descriptive rather than limiting, 
5 and that various changes may be made without depart- 
ing from the spirit or scope of the invention as defined by 
the appended claims. 

Claims 

10 

1 . An antenna structure (20) comprising: 

a plurality of unit cells (46) each having: 

a first patch plane (38) having a first patch (48); 

15 a first ground plane (24) adjacent to said first 

patch plane (38), said first ground plane (24) 
having a top slot (50) in operative communica- 
tion with said first patch (48); 
a feed member plane (34) adjacent to said first 

20 ground plane (24), said feed member plane 

(34) having a feed member (52) in operative 
communication with said top slot (50); 
a second ground plane (30) adjacent to said 
feed member plane (34), said second ground 

25 plane (30) having a bottom slot (54) in opera- 

tive communication with said feed member 
(52); 

a second patch plane (42) adjacent to said sec- 
ond ground plane (30), said second patch 
30 plane (42) having a second patch (56) in oper- 

ative communication with said bottom slot (54); 
a first dielectric layer (22) interposed between 
said first patch plane (38) and said first ground 
plane (24); 

35 a second dielectric layer (26) interposed 

between said first ground plane (24) arid said 
feed member plane (34); 
a third dielectric layer (28) interposed between 
said feed member plane (34) and said second 

40 ground plane (30); and 

a fourth dielectric layer (32) interposed 
between said second ground plane (30) and 
said second patch plane (42). 

45 2. The antenna structure (20) of Claim 1 , character- 
ized in that said feed member (52) has a first end 
(58) positioned perpendicular to and substantially 
under said top slot (50), and a second end (60) 
positioned perpendicular to and substantially over 

so said bottom slot (54). 

3. The antenna structure (20) of Claim 1 or 2, charac- 
terized in that each unit cell of said plurality of unit 
cells (46) have said feed member (52) of varying 

55 lengths. 

4. The antenna structure (20) of Claim 2, character- 
ized in that said first end (58) and said second end 
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(60) are respectively positioned perpendicular to 
each other. 

5. The antenna structure (20) of any of Claims 1 to 4, 
characterized in that said first patch plane (38) and s 
said second patch plane (42) are symmetrically 
identical, and said first ground plane (24) and said 
second ground plane (30) are symmetrically identi- 
cal. 

10 

6. The antenna structure (20) of any of claims 1 to 5, 
characterized in that said second dielectric layer 
(26) and said third dielectric layer (28) have a 
higher dielectric constant than said first dielectric 
layer (22) and said fourth dielectric layer (32). 15 

7. The satellite antenna structure (20) of any of claims 
1 to 6, characterized in that each one of said plural- 
ity of unit cells (46) comprises a second feed mem- 
ber (52) and associated top and bottom slots (50, 20 
54) wherein said feed members are separated by a 
plurality of holes (64) conductively plated and 
extending through said second dielectric layer (26) 
and said third dielectric layer (28) thereby connect- 
ing the first ground plane (24) with the second 25 
ground plane (30). 

8. The antenna structure (20) of any of Claims 1 to 7, 
characterized by a horn (44) for emitting energy 
upon said second patch plane (42). 30 
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